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(57) ABSTRACT

A camshafit adjuster having a first component, a second com-
ponent rotatable relative to the first component within an
angular range, and a locking device for locking the first com-
ponent relative to the second component. The locking device
includes a first locking bolt and a second locking bolt on the
first component and a central slotted guide on the second
component, and wherein the two locking bolts are movably
guided between a locking position and an unlocking position
and engage 1n the central slotted guide 1n a central angular
position relative to one another 1n their locking position. At
least one terminal slotted guide, in which the first locking bolt
or the second locking bolt engages 1n 1ts locking position in a
terminal angular position differing from the central angular
position of the components, 1s arranged on the second com-
ponent.

9 Claims, 15 Drawing Sheets
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1
CAMSHAFT ADJUSTER

The present invention relates to a camshaift adjuster having
a first component, a second component which 1s rotatable
relative to the first component around a rotation axis within an
angular range and a locking device for locking the first com-
ponent with respect to the second component, the locking
device including a first locking bolt and a second locking bolt
on the first component and at least one central slotted gate on
the second component, and the two locking bolts being mov-
ably guided between a locking position and an unlocking
position and engaging with the one central slotted gate 1n their
locking position in a central angular position of the compo-
nents with respect to each other.

BACKGROUND

Camshaft adjusters are industrial modules for adjusting the
phase angle between a crankshaft and a camshailt in an inter-
nal combustion engine. One of the components, also known
as the stator, 1s rotatably fixedly connected to the crankshaft.
The other component, also known as the rotor, 1s rotatably
fixedly connected to the camshaft and rotatably supported
relative to the stator. In a hydraulic camshaft adjuster, the
stator usually includes a number of separating elements,
between which a vane element of the rotor 1s situated. The
vane element divides the space between two adjacent sepa-
rating elements into an advance chamber and a retard cham-
ber. Both chambers are connected to switchable pressure
medium lines. If a pressure medium 1s applied to the advance
chamber via the associated pressure medium line, and 11 the
pressure medium line of the retard chamber 1s connected to a
pressure medium outlet, the rotor 1s moved 1n an advance
direction with respect to the stator and vice versa. If pressure
medium 1s applied to both chambers, or if the pressure
medium lines are blocked, the rotor 1s hydraulically fixed at
the set phase angle with respect to the stator.

The hydraulic camshatt adjuster 1s usually integrated 1nto
the lubricant circuit of the internal combustion engine for the
purpose of supplying pressure medium. In a start phase of the
internal combustion engine, the pressure of the lubricant (o1l
pressure) 1s generally not yet suilicient for flawless operation
of the camshaitt adjuster. The rotor may oscillate 1n an uncon-
trolled manner within the permitted angular range and possi-
bly strike the stator, which results 1n an undesirable acoustic
abnormality. For this reason, hydraulic camshait adjusters
usually have a mechanical locking device which locks the two
components which are rotatable relative to each other, 1.¢., the
rotor and stator, 1n a defined angular position with respect to
cach other during a standstill or 1n a start phase of the internal
combustion engine. Due to the building pressure of the lubri-
cant, the lock 1s released, so that the rotor and stator may be
adjusted with respect to each other during operation of the
internal combustion engine.

The angular position in which the rotor and stator of a
hydraulic camshait adjuster are mechanically locked with
respect to each other 1s usually 1indicated as an advance or a
retard. In other words, 1n the locked angular position, the rotor
strikes a separating element in either 1n the advance position,
1.€., for example 1n the clockwise direction, or in the retard
position, 1.e., for example in the counterclockwise direction.
A hydraulic camshaift adjuster 1s also known from EP 0 799
977 Al, 1n which the two rotatable components are locked to
cach other 1n a central angular position between the advance
position and the retard position during the standstill. This
provides thermodynamic advantages for the correspondingly
operated internal combustion engine. In this position, a lock-
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2

ing bolt on the one component engages with a correspond-
ingly situated central slotted gate on the other component for

the purpose of locking.

A camshait adjuster of the type mentioned at the outset 1s
known from EP 1 672 187 Al. A central slotted gate 1s
provided herein, with which both locking bolts engage 1n a
central angular position when the two components are locked
with respect to each other. Due to this design, a sitmplified
locking of the components 1n the central position 1s possible.
When the rotating components are locked, one of the locking
bolts first enters the central slotted gate, which 1s widened
accordingly in the direction of rotation, and forms a stop
therein only upon further rotation. In the defined stop posi-
tion, the second locking bolt may enter the central slotted
gate, so that the two components finally lock in both direc-
tions of rotation in a fixed angular position with respect to
cach other.

A camshatt adjuster of the type mentioned at the outset 1s
also known from DE 10 2005 060 829 Al. Two locking bolts
for locking the two components 1n a central angular position
are provided herein, each of which engages with a separate
central slotted gate. A third and a fourth locking bolt are
additionally provided, which lock the components in an
advance position and 1n a retard position with respect to each
other via a first and a second end slotted gate.

Finally, a camshaft of the type mentioned at the outset 1s
also proposed 1n DE 10 2007 007 073 Al. Herein, the com-
ponents of the camshait adjuster may be locked 1n a total of
three different positions with respect to each other, namely in
an advance position, 1 a retard position and 1 a central
adjusting position, with the aid of a total of three locking bolts
and three slotted gates.

SUMMARY OF THE INVENTION

[l

In principle, it 1s desirable to offer a camshaft adjuster
which ensures mechanical locking 1n a central angular posi-
tion as well as 1n an end angular position of the components
with respect to each other. The approaches according to the
prior art known previously use at least three locking bolts for
this purpose, which engage with corresponding slotted gates
to ensure a secure lock, i particular 1n the central angular
position. However, each locking bolt disadvantageously takes
up additional 1nstallation space, which 1s often not available,
depending on the structural design of the camshait adjuster, or
which would undesirably increase the overall size of the
camshaift adjuster.

It1s an object of the present invention to provide a camshait
adjuster of the type mentioned at the outset, which may be
locked 1n at least two different angular positions of the rotat-
able components with respect to each other but which
requires only a preferably small number of locking bolts.

The present mnvention provides a camshaift adjuster of the
type mentioned at the outset, in that at least one end slotted
gate 1s provided on the second component, with which the
first locking bolt or the second locking bolt engages 1n 1ts
locking position 1n an end angular position which deviates
from the central angular position of the components with
respect to each other.

The present invention 1s based on the consideration that, in
the case of a central slotted gate, in which the components of
the camshait adjuster are rotatably fixedly locked 1n a central
angular position with respect to each other, the distance of the
locking bolts in the direction of rotation may be selected to be
large enough to lock the components with the aid of one of
these locking bolts, additionally 1n another angular position,
referred to 1n the present case as the end angular position. For
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this purpose, an end slotted gate 1s provided 1n addition to the
central slotted gate, with which one of the two locking bolts
engages 1n 1ts locking position 1n an end angular position of
the components, which deviates from the central angular
position.

The end angular position of the additional lock does not
necessarily have to be provided by an end stop position of the
components with respect to each other, 1n which, for example,
a vane element of the rotor strikes a separating element of the
stator. Instead, the locked end angular position may also be
situated between an end stop position and the central angular
position. However, the end angular position of the compo-
nents with respect to each other 1s preferably provided by an
end stop position, with the aid of which the relative rotation of
the components with respect to each other 1s limited. In this
case, a defined angular position, 1n which the locking bolt
may engage with the end slotted gate, 1s provided by the
striking of the components in the direction of rotation. There-
fore, the end slotted gates may be provided with a compara-
tively simple design. It must only be ensured that the end
slotted gate, including the engaging locking bolt, form an at
least one-sided form {it counter to the stop side.

The present imnvention therefore provides a camshaft
adjuster, which offers a locking capability of the rotatable
components 1n two different angular positions, in particular in
a central angular position and 1n an end angular position,
which may correspond to an end stop position, using only two
locking bolts. In terms of 1ts locking characteristics, the cam-
shaft adjuster does not differ from a comparable camshafit
adjuster according to the prior art. In particular, the central
locking takes place with the same security and precision.
However, the present invention makes do with one less lock-
ing bolt, so that the overall construction may be smaller and
lighter 1n weight, more installation space 1s provided 1n the
camshait adjuster for other components, e.g., for a compen-
sating spring, etc., or a design variant of the camshait adjuster
may be selected which as such has installation space only for
two locking bolts.

In principle, the orientation of the locking bolts 1s arbitrary.
Thus, the locking bolts may be movably guided, for example,
in the radial direction. For structural reasons, however, 1n one
advantageous embodiment, the locking bolts are movably
guided 1n the axial direction. In this variant, for example, the
slotted gates, with which the locking bolts of the rotor engage
axially 1n their locking position, are introduced into the cover
of the stator.

The locking bolts are preferably guided, pretensioned
against a restoring means. This offers control advantages,
since the locking bolts strive to assume their locking posi-
tions, due to the active restoring force, 1 the controller fails or
the internal combustion engine comes to a stop. The locking,
bolts are advantageously movable hydraulically, in particular
guided against a mechanical restoring means such as a spring.
A pressure medium may be advantageously applied to the
slotted gates for hydraulic actuation, so that the locked lock-
ing bolts are lifted out of their locking position into their
unlocking position, or unlocked locking bolts are unable to
lock against the pressure medium. In one preferred design
variant, the lubricant of the internal combustion engine 1s
used as the pressure medium for hydraulic actuation of the
locking bolts.

In one advantageous embodiment of the camshait adjuster,
an additional central slotted gate 1s provided on the second
component, the two locking bolts engaging with one of the
central slotted gates in their locking position 1n the central
angular position of the components with respect to each other.
In other words, 1n this design variant, two separate central
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slotted gates are provided for locking in the central angular
position of the components. In the locked state, each of the
locking bolts engages with the central slotted gate assigned
thereto. In particular, the two central slotted gates extend
away from the locking bolts 1n opposite directions of rotation,
viewed from the locked state. Thus, when the components
rotate with respect to each other, one of the locking bolts first
enters the associated central slotted gate for locking purposes
and finally strikes the end of the central slotted gate only upon
turther rotation. The other locking bolt comes 1into engage-
ment with the other central slotted gate only in this position
and may enter therein, so that the components are now locked
against both directions of rotation. When the direction of
rotation changes, the central slotted gates switch roles accord-
ingly.

In the event of one cohesive or two separate central slotted
gates, the one or each of the central slotted gates 1s wider 1n
the direction of rotation of the components than the engaging
locking bolt for the purpose of improving the locking mecha-
nism, so that the locking bolts counteractively strike the one
or multiple central slotted gate(s) in their locking position
when the components are 1n the central angular position. The
one locking bolt 1s in1tially caught by one of the central slotted
gate(s) during the movement of the components and finally
strikes the end of the central slotted gate in the inserted
position. A defined angular position 1s provided thereby, in
which the second locking bolt 1s able to assume 1ts locking
position.

Another end slotted gate 1s advantageously provided, the
first locking bolt engaging with the one end slotted gate 1n 1ts
locking position 1n a first end angular position of the compo-
nents with respect to each other, and the second locking bolt
engaging with the other end slotted gate 1n 1ts locking position
in a second end angular position of the components with
respect to each other. A camshaft adjuster of this type thus
offers a locking of the components in a total of three different
angular positions, using only two locking bolts.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention are
explained 1n greater detail below on the basis of a drawing.

FIG. 1 shows a perspective view of a camshaft adjuster
according to the prior art;

FIGS. 2, 3 show a schematic representation of a first design
variant ol a camshatt adjuster, with locking 1n a central and a
“retarded” angular position;

FIGS. 4, 5 show a schematic representation of a second
design variant of a camshaitt adjuster, with locking in a central
and a “retarded” angular position;

FIGS. 6, 7 show a schematic representation of a third
design variant of a camshaift adjuster, with locking 1n a central
and an “advanced” angular position;

FIGS. 8, 9 show a schematic representation of a fourth
design variant of a camshaift adjuster, with locking in a central
and an “advanced” angular position;

FIGS. 10 through 12 show a schematic representation of a
fifth design variant of a camshatt adjuster, with locking 1n a
central, an “advanced” and a “retarded” angular position; and

FIGS. 13 through 15 show a schematic representation of a
s1xth design variant of a camshaift adjuster, with locking 1n a
central, an “advanced” and a “retarded” angular position.

DETAILED DESCRIPTION

Reference 1s hereby made to FIG. 1, which shows a per-
spective view of a hydraulic camshatt adjuster 2 according to
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the prior art, which 1s not the subject matter of the present
invention. Illustrated camshait adjuster 2 includes a stator 4,
in which arotor 5 1s rotatably supported around a rotation axis
7. Rotor 5 has a central bore 8 for fixing to a camshaift, which
1s not 1llustrated. A central screw, for example, which may be
screwed to the camshatt, 1s gmided through this bore 8. Stator
4 includes an outer wheel 9, which has an outer toothing. Via
the outer toothing, stator 4 1s coupled with a crankshaitt, which
1s not 1llustrated, with the aid of a driving means, which 1s also
not illustrated.

Rotor 5 1s supported 1n stator 4 between a sealing cover 11,
which 1s not visible, and a locking cover 13, which 1s shown
in the open state. A number of separating elements 14 project
from stator 4 into the interior. One vane element 16 of rotor 3
1s situated between two adjacent separating elements 14 of
stator 4. Each vane element 16 divides the space between two
adjacent separating elements 14 into an advance chamber 18
and a retard chamber 19. The chambers, also referred to
together as pressure chambers, are connected to separate,
switchable pressure medium lines. If pressure medium 1s
applied, for example, to advance chamber 18, and the pres-
sure medium line of retard chamber 19 1s connected to an
outlet, rotor 3 1s moved forward (advanced) with respect to
stator 4. According to FIG. 1, rotor 5 rotates in the clockwise
direction with respect to stator 4. Rotor 5 may be adjusted 1n
the clockwise direction until vane elements 16 strike a delim-
iting separating element 14 1n an end “advance’ stop position.
Conversely, if pressure medium 1s applied, for example, to
retard chamber 19, and the pressure medium line of advance
chamber 18 1s connected to an outlet, rotor 5 1s moved back
(retarded) with respect to stator 4. According to FIG. 1, rotor
5 rotates 1n the counterclockwise direction with respect to
stator 4. Rotor 5 may be adjusted in the counterclockwise
direction until vane elements 16 strike a delimiting separating
clement 14 1n a “retard” end stop position.

Camshaft adjuster 2 according to FI1G. 1 includes a locking,
device 20, which facilitates a locking of the two components
which are rotatable with respect to each other, 1.e., stator 4 and
rotor 5, 1n two different angular positions. For this purpose,
locking device 20 has a total of three axially movable locking
bolts 21,22, 23, which are supported in rotor 5 and which may
engage with assigned slotted gates 31, 32 and 33 1n a corre-
sponding angular position between rotor 5 and stator 4.

Each of the two locking bolts 21, 22 engages with one of
two assigned central slotted gates 31, 32 in a central angular
position. Rotor 5 and stator 4 are locked to each other 1n the
central angular position, 1n that, in their locking position,
locking bolts 21, 22 are in opposite abutment in the two
central slotted gates 31, 32. Locking bolt 23 may engage with
end slotted gate 33 1n the “retard” end stop position of rotor 3
and stator 4. Locking bolts 21, 22, 23 are hydraulically mov-
able against a spring restoring force. For this purpose, oil
grooves 35, 36 are each assigned to slotted gates 31,32, 33. If
pressure medium, preferably the lubricant (o1l) of the internal
combustion engine, 1s applied to o1l grooves 35, 36, locked
locking bolts 21, 22, 23 are lifted out of slotted gates 31, 32,
33, or unlocked locking bolts 21, 22, 23 are unable to enter
slotted gates 31, 32, 33.

FIGS. 2 through 15 each show schematic representations
of design variants of a camshait adjuster 2, which may lock 1n
at least two different angular positions between rotor 3 and
stator 4 with the aid of only two locking bolts 21, 22. Each of
the illustrated design variants permits at least one locking
action ol rotor 5 to stator 4 1n a central angular position as well
as an additional locking action 1n at least one end stop posi-
tion.
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In all FIGS. 2 through 15, the space between two adjacent
separating elements 14 of stator 4 1s shown schematically at
the top. It 1s possible to see the way 1n which vane element 16
ol rotor 5 moves between a “retard” end stop position, a
central position and an “advance” end stop position upon
corresponding adjustment. The “advance” and “retard” end
stop positions each correspond to one end angular position of
the components rotor 5 and stator 4 with respect to each other.
The central position of vane element 16 corresponds to a
central angular position of rotor 5 with respect to stator 4. The
two pressure chambers, namely advance chamber 18 and
retard chamber 19, are visible 1n the central position of vane
clement 16. Advance chamber 18 has 1ts maximum extension
in the “retard” end stop position. Retard chamber 19 has 1ts
maximum extension in the “advance” end stop position. The
other adjusting chamber 19 or 18 is reduced to a volume of
“zero” by the striking of the vane element.

In the lower section of each of FIGS. 2 through 15, sealing

cover 11 and locking cover 13 of stator 4 are illustrated
schematically. Rotor 5 1s rotatably supported between sealing,
cover 11 and locking cover 13. The rotation of rotor 5 1n stator
4 1s signaled by a double arrow. In rotor 5, two locking bolts
21, 22 are each axially movable against a mechanical restor-
ing means 38. Restoring means 38 1s designed as a helical
spring 1n each case. Slotted gates 31, 32, 33, 34, into which
corresponding locking bolts 21, 22 may enter or with which
they may engage 1n a corresponding angular position between
rotor 5 and stator 4, are introduced into locking cover 13.
Pressure medium may be applied to slotted gates 31, 32, 33,
34 for the purpose of actuating locking bolts 21, 22 against the
restoring force.

A first design variant of a camshatt adjuster 2 1s 1llustrated
in FIGS. 2 and 3. Locking cover 13 has a central slotted gate
31 and an end slotted gate 33. In a central angular position of
the components with respect to each other according to FIG.
3, both locking bolts 21, 22 jointly engage with central slotted
gate 31 having a counteractive stop 1n their locking position.
In a “retard” end stop position according to FIG. 2, locking
bolt 21 engages with end slotted gate 33 in 1ts locking posi-
tion. It 1s not possible for rotor 5 to further rotate, since vane
clement 16 strikes a separating element 14 of stator 4. Second
locking bolt 22 1s lifted.

If rotor S rotates to the “right,” based on FIG. 2, and 1f a
locking action 1s provided, second locking bolt 22 may {first
enter central slotted gate 31 and then strike the “right” end of
central slotted gate 31. In this position, first locking bolt 21
may also enter central slotted gate 31. Both components 4, 5
are locked 1n both directions of rotation.

A second design variant of a camshait adjuster 2 1s 1llus-
trated 1n FIGS. 4 and 5. In contrast to the first design variant
according to FIGS. 2 and 3, two central slotted gates 31, 32
are now provided 1n locking cover 13. FIG. 4 shows the lock
in the “retard” end stop position. Second locking bolt 22 may
remain locked 1n first central slotted gate 31. FIG. 5 shows the
lock 1n a central angular position between rotor 5 and stator 4.
For locking 1n the central angular position, first locking bolt
21 engages with first central slotted gate 31, and second
locking bolt 22 engages with second central slotted gate 32.
Counteractive stops are again formed 1n particular slotted
gates 31, 32 with the aid of locking bolts 21, 22.

A third design variant of a camshait adjuster 2 is 1llustrated
in FIGS. 6 and 7. This design varniant essentially corresponds
to the first design variant according to FIGS. 2 and 3; how-
ever, according to FIG. 7, a locking action in the “advance”
end stop position 1s facilitated by end slotted gate 34 1n
addition to a locking position 1n a central angular position.
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According to FIG. 6, second locking bolt 22 enters end slotted
gate 34. First locking bolt 21 remains lifted.

FIGS. 8 and 9 show a fourth design variant of a camshaft
adjuster 2, which essentially corresponds to the second design
variant according to FIGS. 4 and 5. In contrast to the second
design variant, however, an end slotted gate 34 1s now pro-
vided, which permits a locking action in the “advance” end
stop position (see FIG. 8). First locking bolt 21 may remain
locked in second central slotted gate 32. FI1G. 9 shows the lock
in a central angular position between rotor 5 and stator 4. For
locking 1n the central angular position, first locking bolt 21
engages with first central slotted gate 31, and second locking
bolt 22 engages with second central slotted gate 32. Counter-
active stops are again formed 1n particular slotted gates 31, 32
with the aid of locking bolts 21, 22.

A fifth design variant of a camshatt adjuster 2 1s illustrated
in FIGS. 10 through 12. The fifth design variant 1s a combi-
nation of the first and third design variants. In addition to
central slotted gate 31, a first end slotted gate 33 and a second
end slotted gate 34 are provided in locking cover 13. This
design variant permits a locking of rotor 5 and stator 4 1n three
different angular positions: 1 a “retard” end stop position
(FIG. 10), 1n a central angular position (FIG. 11) and 1n an
“advance” end stop position (FIG. 12).

A sixth design variant of a camshait adjuster 2 1s illustrated
in FIGS. 13 through 15. The sixth design varant 1s a combi-
nation of the second and fourth design variants. In addition to
a first central slotted gate 31 and a second central slotted gate
32, a first end slotted gate 33 and a second end slotted gate 34
are provided 1n locking cover 13. This design variant permits
a locking of rotor 5 and stator 4 1n three different angular
positions: 1 a “retard” end stop position (FIG. 13), in a
central angular position (FIG. 14) and 1n an “advance” end
stop position (FI1G. 15). The sixth design variant differs from
the fifth design variant by the fact that two separate central
slotted gates 31, 32 are provided.

LIST OF REFERENCE NUMERALS

2 Camshafit adjuster

4 Stator

> Rotor

7 Rotation axis

8 Bore

9 Outer wheel

11 Sealing cover

13 Locking cover

14 Separating elements
16 Vane element

18 Advance chamber
19 Retard chamber

20 Locking device

21 Locking bolt
22 Locking bolt
23 Locking bolt
31 Central slotted gate

32 Central slotted gate

33 End slotted gate (retard)
34 End slotted gate (advance)
35 Ol groove

36 O1l groove

38 Restoring means

10

15

20

25

30

35

40

45

50

55

60

8

What 1s claimed 1s:

1. A camshaft adjuster comprising:

a first component;

a second component rotatable relative to the first compo-

nent around a rotation axis within an angular range; and

a locking device for locking the first component with

respect to the second component, the locking device
including a first locking bolt and a second locking bolt
on the first component and at least one central slotted
gate on the second component, and the first and second
locking bolts being movably guided between a locking
position and an unlocking position and engaging at least
with the one central slotted gate 1n their locking posi-
tions 1n a central angular position of the first and second
components with respect to each other, at least one end
slotted gate being provided on the second component,
the first locking bolt or the second locking bolt engaging
with the end slotted gate 1n the locking position 1n an end
angular position deviating from the central angular posi-
tion of the first and second components.

2. The camshatt adjuster as recited in claim 1 wherein
another central slotted gate 1s provided on the second com-
ponent, the first and second locking bolts engaging with the
central slotted gate or the other central slotted gate 1n the
locking position in the central angular position of the first and
second components with respect to each other.

3. The camshatt adjuster as recited 1n claim 2 wherein the
central slotted gate or the other central slotted gate 1s wider 1n
the direction of rotation of the first and second components
than the engaging first and second locking bolts, the first and
second locking bolts counteractively striking the central slot-
ted gate or the other central slotted gate 1n the locking position
in the central angular position of the first and second compo-
nents.

4. The camshait adjuster as recited in claim 1 wherein
another end slotted gate 1s provided, the first locking bolt
engaging with the one end slotted gate 1n the locking position
in a first end angular position of the first and second compo-
nents with respect to each other, and the second locking bolt
engaging with the other end slotted gate 1n the locking posi-
tion 1n a second end angular position of the first and second
components with respect to each other.

5. The camshatt adjuster as recited 1n claim 1 wherein the
first and second locking bolts are each movably guided in the
axial direction.

6. The camshait adjuster as recited 1in claim 1 wherein the
first and second locking bolts are each guided, pretensioned
against a restorer.

7. The camshaft adjuster as recited in claim 1 wherein the
first and second locking bolts are each hydraulically movable.

8. The camshatt adjuster as recited 1n claim 1 wherein a
pressure medium 1s applied to the central and end slotted
gates for the purpose of hydraulically actuating the first and
second locking bolts from the locking position to the unlock-
ing position.

9. The camshatt adjuster as recited 1n claim 1 wherein the
end angular positions of the first and second components with
respect to each other correspond to the end stop positions,
with the aid of which the relative rotation of the first and
second components with respect to each other 1s limited.
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